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Chapter 3. One-dimensional modelling and simulation 
Towards the development of a free-piston engine generator, the need for a simulation 
model is inevitable. The model should be able to assist the design and development 
while capable of pushing the boundaries in predicting the performance of the prototype 
without jeopardising the systems' hardware. 
This chapter describes one-dimensional modelling and simulation for the single 
cylinder gasoline spark ignition two-stroke free-piston engine using Ricardo WAVE. 
Two-stroke free-piston engine model was developed from validated four-stroke 
crankshaft engine model as explained in Section 3.3. The simulation results were used 
for prototype development in Chapter 4 and free-piston engine model validation in 
Chapter 5. The optimised single cylinder free-piston engine model in this chapter 
formed a basic model for dual-piston free-piston engine generator model in Chapter 6 
for final performance investigations. 
3.1	 Theoretical review 
One-dimensional (1D) modelling of an internal combustion engine is one step 
beyond standard engine thermodynamic analyses The coding comprises fundamental 
thermodynamics equations and empirical relationships which are able to simulate the 
overall engine behaviour sufficiently to provide preliminary performance and emissions 
characteristics of an engine under development. 
A 1D modelling and simulation tool is used for engine development by major 
automotive companies to assist prototype development due to its capability to produce 
realistic results quickly. Further, it requires less overhead cost and computational cost 
without the need for three-dimensional computer aided design (CAD) design of the 
engine. Therefore, 1D tool was selected to assist the prototype development for the 
aforementioned advantages. 
WAVE is a computer-aided engineering software package developed by Ricardo 
which allows the analysis of the dynamics of pressure waves, mass flows, and energy 
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losses in ducts, plenums, and manifolds of the engine. It provides a time-dependent 
solution of fluid dynamics and thermodynamics 1D equations. The software has 
complex sub-models to simulate friction, heat transfer, scavenging, combustion, knock 
and exhaust emissions. 
3.1.1	 Engine Parameters 
The terms and definitions used in this section is a combination of information obtained 
from Heywood [8], Blair [100] and Pulkrabek [40] for crankshaft engines. 
The definitions for combustion chamber and cylinder geometry are shown in Figure 
3.1. The diameter of the cylinder is the bore (B). The stroke (5) is defined as the 
distance travelled by the piston from (bottom dead center) BDC to (top dead center) 
TDC and the volume within the stroke is known as the swept volume (lT). For a free-
piston engine, the nominal stroke (S 01,,) will be defined as the stroke length is not 
constant. When the piston is at TDC, the remaining space between the top of the piston 
and the cylinder head is known as the clearance volume (Va), which is contained within 
the clearance distance (c).
- Clearance 
Distance = C 
TDC 
Bore = B 
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I	 . 
Figure 3.1: Cylinder- geometry definitions for an enginewith a flat top piston 
(without .the bowl) 
Further parameters and definitions are given by following equations: 
• Swept volume, V: 
(irB2S) 
vs=	
[m3}	 3.1 
For a known clearance volume (l') above the piston at TDC: 
• Geometric Compression Ratio, (CR) G is defined as: 
(CR) G = (V5 +V)
	
[-]	 3.2 
vC
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3.2	 Modelling approach and sub-models 
Modelling and simulation in Ricardo WAVE programs suite is conducted using three 
sub-programs as shown in Figure 3.2. WaveBuild is the main pre-processor program 
used for initial setup of the simulation. The geometrical properties of the model and its 
boundary conditions are defined in this sub-program using its graphical user interface 
which is then converted into input format appropriate for the solver. WAVE is the 
solver used in this research to solve all the 1D fluid dynamics and thermodynamics 
time-dependent equations. Finally, the results are viewed and interpreted using 
WavePost post-processor in the form of 2D or 3D graphs, pictures, text-reporting or 
other media. 
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Figure 3.2: Three primary sub-programs in Ricardo WAVE programs suite 
employed-in this research. 
The first step in building an accurate model is to gather the geometric data. The 
engine can-be.-broken down into the main subsystems, i.e. intake runner, intake valve 
inlet, cylinder, exhaust valve inlet, exhaust runner. The dimensions and characteristics 
related to the engine required are bore, stroke, connecting rod length, compression ratio, 
valves diameter, valves lift and valve timings. Engine operating parameters initial 
conditions must be defined and identified as engine operating speed, fuel type, air/fuel 
ratio and ambient conditions (i.e. temperature and pressure). 
The model was built in the WaveBuild tool with the variables shown in Figure 3.3. 
In this basic model, the intake and exhaust sides are directly exposed to the ambient 
conditions. The throttle valve, intake and exhaust manifold dimensions were added 
during the optimisation phase of the simulation as presented in Section 3.3.2. 
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